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Abstract

At a ladle refining furnace stand, gases are injected into molten steel through porous plugs

mounted in the bottom of the ladle to stir the molten steel in order to promote homogenization the

steel temperature and chemistry. Features of our porous plugs ALP series and HSP series and

improvements in the wear resistance during oxygen lance plug cleaning attained by using oxygen

lance blowing tests are described in this report.
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Fig. 1 Gas purge plugs.

1. Introduction

Molten steel is charged into a ladle from a con-
verter or electric arc furnace and transferred to
a secondary refining station to be treated addi-
tionally there. During the treatment process,
argon or nitrogen gas is injected into the molten
steel through gas purging plugs (Fig. 1) arranged
in the bottom of the ladle to stir the molten steel
with other additives in order to promote homog-
enization of steel temperature and chemistry.
SHINAGAWA REFRACTOREIS CO., LTD. is
a major designer and manufacturer of ladle gas
purging plugs and supplies them to a lot of cli-
ents both in domestic and foreign countries. Fig.
2 shows the sales ratio of the latest year by gas
purging plug type. Purging plugs are produced
in several designs. But, one of the major types
of the plug is a “porous plug” which has been

used due to easiness of gas flow control and
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Fig. 2 Sales ratio of gas purge plugs for
domestic and overseas customers.
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high gas purging reliability, and another type
that has been in use for years is a “slit plug”
because it provides a large amount of gas flow
and long service life.

In this report, 1) Features of our porous refrac-
tory for porous plugs, “ALP series” and “HSP
series’, and 2) improvement in wear resistance
of the porous materials when cleaned with an

oxygen lance are described.
2. Porous Plug and Its Wear Mechanism

A porous plug assembly is a kind of functional
refractory that consists of one or two porous
refractory core(s) with suitable pore diameter
for gas transport, a non-porous monolithic or
shaped refractory sleeve surrounding the porous
cores and a metallic outer liner with a connec-
tive gas supplying pipe. The microstructure
of the porous refractory is shown in Fig. 3. It
contains mainly spherical alumina grains which
are sized very uniformly to minimize the appar-
ent porosity of the refractory. At the same time,
these spherical alumina grains are only bonded

at their point of contact. So, sintering at an

Fig. 3 Microstructure of porous brick.
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Fig. 4 Wear mechanism of porous plug.
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Fig. 5 Microstructure of porous brick after use.

ultra-high temperature or addition of sintering
aids can promote neck growth to increase the
strength of the porous refractory.

The porous refractory materials have been
designed and developed by controlling chemical
composition, size of grain and bonding between
grains, focusing primarily on gas permeability.

A schematic illustration of the wear mecha-
nism of the porous plugs is shown in Fig. 4.
Liquid steel tapped into a ladle from the
converter or electric arc furnace is transferred
to a refining station such as Ladle Furnace (LF)
or Vacuum Oxygen Decarburization unit (VOD)
and refined additionally by stirring with argon
gas introduced from the porous plugs arranged
in the bottom of the ladle. Gas injection from
porous plugs stops after completing steel refin-
ing and the ladle is transported to the casting
stand. During this transporting process, hot
steel penetrates into the open pores of porous

refractory due to the ferrostatic pressure of the
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liquid steel and forms a clotted layer preventing
gas flow as observed in Fig. 5.

In preparation for the next charge, the hot
face of the porous plug should be refreshed by
oxygen lance cleaning in order to recover gas
flow. However, during this operation, not only
the layer penetrated by metal on the hot face
is removed, but a non-penetrated layer is also
removed. The oxygen lance cleaning is thought
to be the main cause of the porous plug wear

and determines the life of porous plugs.

3. Porous Plugs, “ALP-series” and
“HSP-series”

Requirements for the porous refractories are
1) Gas permeability

2 ) Thermal spalling resistance

Table 1 Typical properties of refractories for ladle porous plug
Code ALP-A14 ALP-A21 ALP-M4 HSP20 HSP203 HSP206
Material Alumina Alumina Magnesia Alumina Alumina Alumina
Cross section ,,{ A ¥ y _;ji"""-"- e
émm 5mm 5mm 5mm 5m-r;1 5mm
Chemical composition /%
AlOs 80 82 10 89 86 89
MgO 88
SiO. 18 13 1 7 7 6
Z2r0; 3 3 1
Cr0s 1 1 2 2 2
Apparent porosity /% 27.6 28.5 23.7 23.6 20.9 27.0
Bulk density 2.45 2.55 2.68 2.84 2.93 2.77
Cold crushing strength /MPa 50 58 39 50 70 106
Average pore size / um 100 85 70 126 165 90
Gas-permeability O @) A @) © @)
Spalling resistance O O O © © @)
Steel infiltration resistance O © © @) @) ©
Slag corrosion resistance
(*Slag:FeO) O O © © © ©
Remarks Standard Less steel Chrome-free | High spalling | High gas flow | O.-blowing
clogging resistance wear resistant
(Developed)

A=Available, O=Average, ©=Excellent
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Fig. 6 Relationship between apparent porosity
and average pore size for porous
refractory materials.
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3) Resistance against steel penetration

4 ) Resistance against wear by oxygen lance
cleaning (Corrosion resistance against
FeO-slag)

The porous refractories “ALP-series” and
“HSP-series” are designed to fulfill these require-
ments. They are selectable in accordance with
the user’s service conditions.

Table 1 shows a comparison between these
porous materials. Fig. 6 shows a relationship
between average pore size and apparent poros-
ity of porous materials. The features of ALP-
series and HSP-series are described below.
(DALP-A series (ALP-A14, A21)

+ AlO5-SiO; based material

- High resistance to steel penetration into
open pores

- Reliable in operation that includes a long
waiting time before and after argon injec-
tion

(@ALP-M series (ALP-M4)

- MgO based material with no chrome oxide
for environmental protection

- High resistance to FeO slag attack

- Thermal spalling resistance compares
favorably with other almina based materi-
als

- Gas flow rate is restricted by the small
pore size and porosity

(3 HSP-series (HSP20, HSP203)

- High Al:O; content (less SiO. content)

- High resistance to FeO slag attack

- High thermal spalling resistance

- High gas flow (HSP203)

- For large sized ladles, making stainless
steel and special steel

ALP series and HSP series have been used

and reputed for showing good performance at
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Fig. 7 Schematic illustration of wear mechanism
by O.-lance cleaning.
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a lot of steel making plants both in Japan and
overseas.

A new porous material “HSP206", which is
improved in resistance to wear by oxygen lance
cleaning, the main cause of porous plug wear,
showed good performance. The features and

results are described below.

4. Wear Mechanism of Porous Plug and Its
Experimental Method for Plug Cleaning

with O:-lance

4. 1 0O:-cleaning wear mechanism of porous
plug

Fig. 7 shows a schematic illustration of the
porous plug wear mechanism. Lances are used
for cleaning the slag and metal clogged hot
face of porous plugs after use. Oxygen is blown
through the lance pipe and it generates a large
amount of heat by oxidative reaction with iron
that is capable of melting not only the slag and
metal but also the non-clogged porous refrac-
tory layer.

Fig. 8 shows the relationship between the O.-
lance cleaning ratio and the wear rate of porous
plugs. The wear rate of porous plugs increases
with the increase in the O,-cleaning ratio. The
wear rate of porous plugs cleaned every heat
is approximately double compared to the wear
rate without O:-cleaning. As just described, it is
thought that O. cleaning of porous plugs mainly
determines the wear rate and the service life of
the porous plug.

4. 2 Problems with conventional method
of evaluating plug wear caused by
O:-lance cleaning

The slag corrosion test in rotary furnaces is

the most common method for evaluating the

wear resistance of porous plugs when they
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Table 2 Comparison of condition between O,-
lance cleaning and slag corrosion test

Os-lance Slag corrosion
cleaning test
o 1650
Temperature /°C >1800 (max.1700)
Heating time /min <1 240
Wear rate /mmemin’ >10 <1

are cleaned with oxygen lance. In this method,

porous bricks are lined in the furnace and

heated to above 1650 using an oxygen-propane
burner with FeO as slag.

Table 2 shows a comparison of conditions
between oxygen lance cleaning and slag corro-
sion test. As for the rotary slag test, it is run for
a long period (for example more than 4 hours)
and the wear rate per unit of time is small.
However, the actual operation time of O.-clean-
ing may be just one minute but the wear rate
is relatively very high. So, the experimental
results in a rotary slag test do not correspond
with the wear rate of porous plugs in service.

For the above reason, we studied by the
direct evaluating method for the plug wear
caused by O.-lance cleaning as described in the
next chapter.

4. 3 Practical method using oxygen lance
for evaluation of the wear resistance of
the plug

Fig. 9 shows a schematic illustration of oxy-
gen lance blowing test unit. The unit consists
of an oxygen tank, a lance pipe, a porous cone
shaped brick as a target and a seating block
for holding the cone. A lance pipe that includes
flammable bars inside for the source of heat is
used. Oxygen is blown at the pressure of 0.5MPa
to the target for 60 seconds. After testing, the
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Fig. 9 Schematic illustration of O.-lance blowing
test.

wear area in the cross sections of the sample is
measured.

The resistance to the oxygen lance cleaning
of a regular material (A) and the newly-devel-
oped material (B) were evaluated by the oxygen
lance blowing test. Table 3 shows the physical
and chemical properties of materials A and B.
Fig. 11 shows a photo of the cross sections after
the oxygen lance blowing test. New material
B showed approximately 20% improvement in
wear resistance in comparison with regular
material A. The service life of new material B
was also increased in actual operation to the
same level as the laboratory test.

Several porous materials were evaluated in
the oxygen lance blowing test. Fig. 12 shows

the relationship between wear resistance and

Fig. 10 0O:-lance blowing test.
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Fig. 11 Cross sections after O;-lance blowing test.

Table 3 Typical properties of porous bricks for
0;-lance blowing test

. A B
Material # Regular Developed
Apparent Porosity /% 21 27
Bulk Density 2.93 2.86
HMOR (at 1400°C) /MPa 6.3 7.0
Chemical Composition /%

Al:Os 86 89

SiO: 7 6

ZrQO; 3 1

Cr0s 2 2
Remarks _ High-Al:Os
High HMOR

HaFHi L7z 208 ZOEEEDH KD /20t
PRI T B L ER A OBREEREOMGR Y
Fig. 121”7 MRFHLRERRED SN DI L,
FEIFIZ BT HIHFEEE DD 2 W EA 2 7R L7z,
ZOW, BB (HSP206) %@ L7zR—F 2
7T THEFIIBN TR QEEEE D%, &
i 2R L7z,

A: Regular
B: Developed

14
5 /O
: - %:\Ql :
g 1 \ T\
o \
@©
%} \ /
P of
8
6 I I I I
80 100 120 140 160

O2-lance blowing wear resistance /-

Fig. 12 Relationship between wear resistance
in laboratory test and actual wear rate.

wear rate in service. It indicates that the wear
rate in service tends to decrease as the wear
resistance in the oxygen lance blowing test
increases. The wear rate in service of a porous
plug, to which the new material HSP206 was

adopted, was the lowest of these.
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5. Summary

1)

2)

3)

We have several different types of
materials for the porous plug, which are
ALP series and HSP series. They are
selectable in accordance with the user’s
service conditions.

The oxygen lance blowing test is a direct
experimental method for evaluating the
wear resistance of porous materials dur-
ing oxygen lance plug cleaning. It is well
suited for forecasting the service life of
porous plugs.

New material HSP206 shows high wear
resistance against oxygen lance plug
cleaning. The service life of a porous
plug, to which HSP206 was adopted, was

increased by approximately 20%.

1) E.Ishihara and K. Sasaki : Shinagawa Techinical Report, 53, 73-80 (2010)



